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Introduction

This is a summary outlining the concentration and flow data available for the MS-4 permit in Bozeman, MT.  The City of Bozeman MS-4 discharges to Bozeman Creek, Bridger Creek, and the East Gallatin River.  A waste load allocation will be created for these streams as they are all impaired by nutrients.  The system is designed for the 10 year, 2 hour event of 0.41 inches.  

 

The MS-4 area comprises 6% of the Bozeman Creek watershed, 0.4% of Bridger Creek watershed and 2.5% of the East Gallatin River watershed.  The East Gallatin River receives approximately 82% of the stormwater flow, Bozeman Creek 16% and Bridger Creek <2% from the MS-4.  



The SWMM model was run with different Event Mean Concentrations (EMCs) and was based on 30 years of climate data.  It was run with literature values from city stormwater systems in the intermountain West and with permit benchmark values from the Nationwide Urban Runoff Program (NURP).  Discharge monitoring report (DMR) data collected in sub-basins in the Bozeman Creek drainage were used.  Up-gradient land use characteristics were determined for the 2 DMR sampling locations and were compared to the land use attributes for each sub-basin delineated in the SWMM model.  DMR data collected at the Tamarack site represented commercial land use with lower levels of residential land use and reflected values from the literature values observed in the Intermountain West.  The Langhor sampling location was found to be more representative of open-space and residential areas.  Loads were calculated for each sub-basin in the MS-4 using both the literature and NURP values and total loads were determined using land use characteristics.  The model did not include any Best Management Plan (BMP) scenarios.  



City of Bozeman Water Quality Data



Water quality data from the City of Bozeman include the compliance points “Storm Langhor” and “Storm Tamarack” (Table 1, 2).  “Above Kagy” is a sample collected in Bozeman Creek upstream of the Storm Langhor location and the “Below Tamarack” sample is also collected within the creek downstream of the Storm Tamarack drain.  Routine sampling does not include discharge measurements.    Mean detection concentrations in Storm Langhor were 2.05 mg/L TN and 0.211 mg/L TP.  For Storm Tamarack, mean concentrations were 21.58 mg/L TN and 2.30 mg/L TP.  City of Bozeman water chemistry detections in Bozeman Creek are all in excess of MDEQ water quality standards.



Storm Langhor is located at Langhor Avenue and Westridge Drive just southeast of the Montana State University campus.  Storm Tamarack is located at North Bozeman Avenue and Tamarack Street.

		

		



		Table 1. DMR Total Nitrogen Results



		Sample Data

		Above Kagy (Bozeman Creek)

		Storm Langhor

		Storm Tamarack

		Below Tamarack (Bozeman Creek)



		

		(mg/l)

		(mg/l)

		(mg/l)

		(mg/l)



		11/2007

		1.8

		1.3

		1

		1.9



		7/25/2007

		0.6

		2.4

		1.7

		1.4



		11/13/2008

		0.8

		0.8

		ND

		0.8



		6/5/2009

		ND

		2.6

		ND

		1



		9/30/2009

		0.5

		ND

		22

		0.5



		8/11/2010

		ND

		4.2

		26

		0.5



		9/13/2010

		ND

		1

		33

		0.7



		5/25/2011

		1.7

		1.4

		1

		0.9



		9/16/2011

		ND

		2.3

		25.9

		2.5











		

		



		Table 2. DMR Total Phosphorus Results



		Sample Data

		Above Kagy (Bozeman Creek)

		Storm Langhor

		Storm Tamarack

		Below Tamarack (Bozeman Creek)



		

		(mg/l)

		(mg/l)

		(mg/l)

		(mg/l)



		11/2007

		0.27

		0.35

		0.23

		0.4



		7/25/2007

		0.07

		0.67

		0.36

		2.14



		11/13/2008

		0.09

		0.4

		0.91

		0.07



		6/5/2009

		0.07

		0.21

		0.22

		0.37



		9/30/2009

		0.06

		0.17

		3.72

		0.23



		8/11/2010

		0.049

		0.068

		3.6

		0.063



		9/13/2010

		0.044

		0.166

		3.84

		0.141



		5/25/2011

		0.62

		0.108

		0.19

		0.114



		9/16/2011

		0.04

		0.358

		3.63

		0.55









Chlorophyll a and Ash-Free Dry Weight data



Of 10 chlorophyll a samples collected on Bozeman, Bridger and the East Gallatin River in the vicinity of the City of Bozeman, none exceeded the criteria of 120 mg/m2.  Samples were collected in September 2008 and 2009.  Of 3 ash-free dry weight (AFDW) samples analyzed in the same locale, 2 exceeded the criteria of 35 mg/m2.  Exceedances were observed on the East Gallatin upstream of Bozeman Creek and on the East Gallatin downstream of the Bridger Creek confluence.  AFDW samples were collected in September 2009. 



Flow measurements

Stage-discharge curves were developed for Bridger Creek, Bozeman Creek and at several locations on the East Gallatin River as part of work done for the TMDL development in the Lower Gallatin TPA.  Work for this contract was completed in 2009 and 2010 which were both years with above-average streamflow.  For the purposes to determining potential loading to the aforementioned waterbodies in low flow conditions, summer mean daily discharge data from 2009-2010 was corrected using the total record available at the USGS East Gallatin gage (06048700) from 2001-2011 (Table 3).   



		Table 3.  Flow statistics for July 1 – September 30 discharge



		

		Bozeman Creek (cfs)

		Bridger Creek (cfs)

		East Gallatin (06048700) (cfs)



		1st Quartile (25th)

		10.27

		8.89

		34.00



		Median (50th)

		11.35

		11.35

		40.50

















Model results and allowable loading





Table 4 includes the total allowable summer load (July 1 – September 30) for TN and TP based on the calculated median (50th percentile) flow for each receiving waterbody.  The table also contains the estimated loading from the MS-4 during the same period.  

		Table 4.  July 1 – September 30 allowable loading and SWMM model results for the City of Bozeman MS-4



		

		Allowable TN Loading  (lbs/summer)

		MS-4 TN Load (lbs/summer)

		Allowable TP Loading  (lbs/summer)

		MS-4 TP Load (lbs/summer)



		Bozeman Creek 

		1691.604

		980.52

		169.16

		167.22



		Bridger Creek 

		1691.604

		27.88

		169.16

		5.69



		East Gallatin 

		6036.12

		4678.69

		603.61

		747.03







 

Discussion



The SWMM model suggests that the loading from the MS-4 is significant when compared with the estimated allowable load during the summer period (July 1 to September 30).  The chlorophyll a data does not implicate the MS-4 or other nutrient sources from degrading the receiving waterbodies although there were a few water quality exceedances observed in ash-free dry weight (AFDW) samples.  However, only 1 of the 2 AFDW samples was collected at a location under the influence of the MS-4.  



The results identify the MS-4 as a significant source of nutrients to the receiving waterbodies but in events episodic enough as to not trigger widespread chlorophyll a or AFDW exceedances downstream.  The TMDL will assign a waste load allocation (WLA) of 0 for the MS-4 and require a decrease in the summer loading from the MS-4 through implementation of BMPs and a current stormwater management plan.  
















